In order to improve fundamental understanding of the ageing behaviour in Al-Mg(-Ag) alloys, the effects of trace additions of Ag on the precipitate microstructures of the Al-Mg alloys aged at temperature range 20 and 90 C was examined. The fine-scale and uniformly distributed spheroidal precipitate particles were formed in the ternary Al-10Mg-0.5Ag (mass%) alloy during the natural ageing process of periods of 16 months, while no precipitate particles were observed in the binary Al-10 mass% Mg alloy under the same ageing conditions. These fine scale, spheroidal precipitate particles observed in the ternary Al-10Mg-0.5Ag (mass%) alloy were identified as the 00 phase which has the ordered L1 2 structure with the lattice parameter of a ¼ 0:408 nm. The orientation relationship between the 00 phase and the aluminium matrix was of the form: ð100Þ L12 k ð100Þ , ½001 L12 k ½001 . The spheroidal precipitate particles having the ordered L1 2 structure in the Ag-modified alloys were unstable when the specimen was aged at 90 C. The plate-like precipitate particles were formed in binary alloys aged from 30 days at 90 C. The plate-like particles had habit planes of f100g , and were identified as the 0 phase which is consistent with the metastable 0 phase (Al 3 Mg 2 , a ¼ 1:002 nm, c ¼ 1:636 nm) in Al-Mg alloys.
Introduction
It is well known that the precipitation hardening response of an alloy is controlled mainly by the shape, size, distribution and properties of the precipitate particles distributed within the continuous matrix phase. The precipitate distribution is in tern controlled by processing conditions, including the time and temperature of solution treatment, severity of quench and the time and temperature of the ageing treatment. The latter are important because the decomposition of the supersaturated solid solution is invariably diffusion-controlled. In addition, it is important to recognise that different ageing temperatures may give rise to different forms and orientations of a particular precipitate phase and/or to different precipitation sequences. Such changes may have a significant influence on the mechanical properties of the alloys.
The precipitation sequence of a supersaturated solid solution in binary Al-Mg alloys containing more than 7 mass% Mg aged below the GP zone solvus was initially examined using a combination of X-ray diffraction and measurements of electrical resistivity. 1, 2) Using alternative experimental techniques, such as small-angle neutron scattering, evidence for the formation of clusters or GP zones has been obtained in a binary Al-Mg alloy with a solute concentration of 11.5 mass% Mg aged 12 months at room temperature. 3, 4) These clusters or GP zones were unstable and dissolved back into solid solution when samples were annealed at 100 C. These early studies [1] [2] [3] [4] suggested that the decomposition process might be summarised as follows:
In later work, 5) the decomposition process of the supersaturated solid solution in the Al-Mg alloys containing 6.9-11.4 mass% Mg aged below 50 C was characterised by differential scanning calorimetry (DSC) based on detailed measurements of specific heat, and proposed a precipitation sequence can be described as follows: In comparison with the precipitation sequence initially accepted, [1] [2] [3] [4] this work 5) effectively distinguished two forms of GP zone (viz. two types of ordered Al 3 Mg (or AlMg) phases). A similar precipitation sequence was subsequently proposed 6) when Al-Mg alloys with 9.8 mass% Mg and 13.5 mass% Mg were aged at near room temperature. Nucleation of GP zones occurred during the early stages of the decomposition process, and that they were replaced by a 00 phase with an ordered L1 2 structure. It was suggested that the 00 (short-range ordered Al 3 Mg or AlMg) phase previously reported 5) may in fact correspond to GP zones, while that designated 0 (long-range ordered Al 3 Mg or AlMg) phase was an intermediate 00 phase with an ordered L1 2 structure. More recent studies 7, 8) using DSC have tended to confirm that the decomposition process of the supersaturated solid solution in the Al-Mg alloys with 11-16 mass% Mg aged at 20 C is consistent with the previously reported result, 5, 6) and is as shown below:
Based on these previously-reported results, [1] [2] [3] [4] [5] [6] [7] [8] it is widely accepted that the approximate formation and dissolution temperatures of the various phases within alloys in this composition range have also been determined to be as follows: formation of GP zones (0 C) and 00 phase (45 C); dissolution of GP zones and 00 (40-100 C); formation of 0 phase (100 C) and phase (250 C); and dissolution of 0 and phases (250-420 C). To date the majority of experimental studies of the decomposition process in Al-Mg alloys (with typically more than 7 mass% Mg) have been conducted using indirect (nonmicroscopic) techniques, such as DSC, electrical resistivity measurements and neutron scattering experiments. However, detailed microstructural evidence to support the proposed precipitation sequence based on DSC and/or electrical resistivity measurements results is limited.
According to the available binary Al-Mg phase diagram 9) including the metastable GP zone solvus line, an ageing temperature of 90 C is above the metastable solvus curves for both GP (Mg rich) zones and 00 phase (Al 3 Mg, the ordered cubic L1 2 structure) in an Al-10 mass% Mg alloy. On this basis, microstructures containing 0 phase (Al 3 Mg 2 , a ¼ 1:002 nm, c ¼ 1:636 nm) would be expected following ageing at this temperature. It is generally accepted that the intermediate 0 phase in Al-Mg alloys has a hexagonal structure (lattice parameters, a ¼ 1:002 nm, c ¼ 1:636 nm) and is semi-coherent with the aluminium matrix. 10, 11) However, despite a number of existing reports, [10] [11] [12] [13] the potential morphologies and distributions of 0 phase are still poorly understood, principally because binary Al-Mg system is classified as a none-heat treatable alloy.
There has been little attention paid to the precipitation hardening behaviour in ternary Al-Mg-Ag alloys aged at relatively low ageing temperatures, and it was thus considered important to extend the present work to examine the effects of trace additions of Ag on the precipitate microstructures of the Al-Mg alloys aged at lower temperatures. In order to improve fundamental understanding of the ageing behaviour in Al-Mg alloys, the main focus of the present work has thus been on ageing temperatures typically in the range C, and on the use of a direct, high resolution characterisation technique in the form of transmission electron microscopy. It is the purpose of this paper to report results of the observations of microstructural changes in binary Al-10Mg and ternary Al-10Mg-0.5Ag (mass%) alloys naturally aged at room temperature (natural ageing: T4) and at 90 C.
Experimental Procedures

Material preparation
Alloy ingots of the nominal compositions Al-10 mass% Mg with and without 0.5 mass% Ag were prepared by induction melting in high purity alumina crucibles in a conventional muffle furnace under air using elemental components of high purity (i.e. 99.99% Al, 99.9% Mg and 99.9% Ag). After these ingots were homogenised for 52 h at 350 C, the surfaces on each side were scalped by milling. These ingots were then hot rolled to plate or sheet, approximately 50 mm thick for hardness test specimens and approximately 0.3 mm thick for TEM specimens. All specimens were solution treated 1 h at 500 C (AE1 C) in a salt bath, water quenched and then naturally aged at room temperature and isothermally aged at 90 C for various times in oil baths.
Microstructural observation
All specimens for transmission electron microscopy (TEM) were punched mechanically as discs of 3 mm diameter from the strips of 0.3 mm thickness after appropriate heat treatment. They were then dry ground to a thickness of 0.1 to 0.15 mm. These disc samples were then thinned to perforation by a twin-jet electropolishing technique. The electrolyte used was either a solution of 33 vol.% HNO 3 and 67 vol.% C 2 H 5 OH or a solution of 33 vol.% HNO 3 and 67 vol.% CH 3 OH. Microstructures were observed using a Philips CM20 transmission electron microscope (TEM) operating at 200 kV.
Experimental Results
Microstructural characterisation aged at room
temperature The TEM observations for the Ag-free alloy, solution treated 1 h at 500 C, water quenched and aged 12 months at room temperature (natural ageing: T4) reveal no evidence of nucleation of precipitate particles suggesting only a dislocation structure which is similar to that in the as-quenched microstructure. 14) This microstructure generally contained the dislocations with unit perfect a=2h110i type. 14) Corresponding selected area electron diffraction (SAED) patterns clearly exhibit no evidence of diffraction spots or diffuse scattered intensity of significance from a second phase in any of the zone axis patterns parallel to h001i , h110i and h112i . It thus appeared that the as-quenched microstructure remained relatively stable at ambient temperature (20 C) for periods up to 12 months. Similarly, the microstructures of the solution treated and quenched Ag-containing alloy also exhibited no detectable evidence of decomposition during the initial 12 months of ageing at room temperature (20 C) , and the corresponding SAED patterns contained no extra diffraction spots or diffuse streaking raising from a second phase. The microstructure retained similar to that of the asquenched alloy.
14) The TEM observations suggest that the supersaturated solid solution in Al-10 mass% Mg alloy is quite thermally stable at low temperatures (20 C) , even when trace additions of Ag are added to the binary Al-10 mass% Mg alloy.
Figures 1(a)-(f) present bright field (BF) images of the microstructures in Al-10Mg(-0.5Ag) (mass%) alloys solution treated 1 h at 500 C, water quenched and aged 16 months at room temperature (20 C) . The electron beam was approximately parallel to (a), (d) h001i ; (b), (e) h110i and (c), (f) h112i directions. The microstructures of the binary alloy, Figs. 1(a)-(c), still show no evidence of precipitate particles in these different orientations, suggesting that the decomposition process from the supersaturated solid solution is very slow at this low temperature. The microstructures retain a significant dislocation content at this stage of the ageing, and it is worthy of note that the apparent dislocation density in the binary alloy was consistently much higher than in the Agcontaining alloy for periods of natural ageing up to 16 months. Corresponding SAED patterns from the micro- structures of the binary alloy showed only diffracted beams from the aluminium matrix in each orientation. Those were recorded with a relatively long exposure time to impose prospects of detecting intensity maxima of low intensity.
In contrast, the microstructures of the corresponding Agmodified alloy, Figs. 1(d)-(f), exhibited very fine-scale, spheroidal precipitate particles, which were uniformly dispersed and showed uniform contrast throughout the -Al matrix. These microstructures generally contained dislocations as well, but the number of defects was apparently less than in samples aged 12 months at room temperature. Electron diffraction patterns for corresponding zone axes indicated that these uniformly-distributed fine scale precipitate particles have an ordered cubic L1 2 type crystal structure, with a lattice parameter of a ¼ 0:408 nm. The additional weak reflections in the recorded SAED patterns imply that the orientation relationship between the L1 2 structure and the -Al matrix phase was of the form: ð100Þ L1 2 k ð100Þ , ½001 L1 2 k ½001 . Schematic patterns corresponding to these SAED patterns were simulated using the computer program called DIFFRACT with the atomic positions equivalent to the AuCu 3 structure type, i.e., (0, 0, 0), (0, 0.5, 0.5), (0.5, 0, 0.5) and (0.5, 0.5, 0), and were found to be in excellent agreement with the observed SAED patterns in each orientation (Figs. 1(d)-(f) ). It should be noted that the precipitate phase, having the ordered cubic L1 2 structure has a structure fully consistent with the metastable 00 phase, that has been reported 7) previously in the Al-Mg system and has a composition of Al 3 Mg.
The technique of weak beam centred dark field (WBCDF) imaging is one that permits a higher resolution image of microstructural features surrounded by an elastic strain field than conventional bright-field (BF) or CDF images. 15) In order to establish the morphology of the finely-distributed precipitate particles in the Al-10Mg-0.5Ag (mass%) alloy aged 16 months at 20 C, both CDF and WBCDF images were thus recorded, together with BF images. Figures 2(a) Fig. 2(c) was taken using the diffraction condition of (Àg; 3g) using g ¼ ð200Þ for the h001i image. The microstructure revealed in the BF images of Fig. 2(a) recorded parallel to h001i direction contains fine-scale precipitate particles, however, the detailed precipitate forms and the particle distributions are not clear due to inadequate resolution and the presence of strain contrast. The conventional CDF image, Fig. 2 and (c) h112i directions, respectively. The microstructure in these BF images comprises a fine-scale distribution of spheroidal precipitate particles which are uniformly dispersed in the aluminium matrix phase. A very few number of line dislocations was still observed at this stage of the ageing process. Electron diffraction patterns recorded from corresponding the microstructures indicated the L1 2 type of an ordered structure, and these SAED patterns were the same as one in the sample naturally aged for 16 months. This result from SAED patterns implies that the L1 2 type of an ordered structure formed during the natural ageing has not been transformed to another phases during 12 months of natural ageing at 20 C.
3.2 Microstructural characterisation aged at 90 C The microstructures of binary Al-10Mg and ternary Al10Mg-0.5Ag (mass%) alloys aged 7 days at 90 C are compared in Figs. 4(a)-(f) ; the electron beam is approximately parallel to (a), (d) h001i ; (b), (e) h110i and (c), (f) h112i directions. The BF images of the binary alloy, Figs. 4(a)-(c) , show that no obvious evidence of precipitate particles in any of the orientations. However, there remains a dislocation substructure comprising. The corresponding SAED zone axis patterns also indicate no detectable evidence of diffraction from a precipitate phase or phases. In contrast to the very fine scale, uniformly distributed spheroidal particles of precipitate 00 phase that were observed in the ternary alloy following prolonged natural ageing (20 C), Fig. 3 , the microstructures of the Ag-containing alloy aged at 14) However, it was noticeable that the dislocation density appeared to be substantially reduced in the specimen aged at 90 C. The microstructure of the binary alloy aged extended to 30 days at 90 C, Figs. 5(a)-(c), contained a few discrete precipitate particles that were sparsely distributed in the aluminium matrix, and generally associated with dislocations or surrounded by strain contrast. These particles appeared plate-like and formed parallel to f001g . In contrast, in the Ag-modified alloy aged 30 days at 90 C, Figs. 5(d)-(f), the microstructure contained a much higher volume fraction of precipitate particles compared to both the ternary alloy aged 7 days at 90 C (Figs. 4(d)-(f) ) and the Ag-free alloy aged 30 days at 90 C (Figs. 5(a)-(c) ). These particles appeared platelike and formed parallel to f001g and were typically surrounded by intense strain contrast.
Bright field TEM micrographs of Al-10Mg(-0.5Ag) (mass%) alloys aged 45 days at 90 C are shown in Figs. 6(a), (b); the electron beam is approximately parallel to (a), (b) h001i direction. The microstructure of the binary alloy, Fig. 6(a) , contained a very small number density of precipitate particles, which appeared to be a plate-like form with parallel to the f100g planes. In comparison to the microstructure of binary alloy aged 30 days at 90 C (Figs. 5(a)-(c)), the size of plate-like form became larger as increased ageing time to 45 days (e.g. $100 nm to $500 nm), but the microstructure contained similar dislocation structures. The ternary alloy aged 45 days at 90 C, Fig. 6 (b) contained sparsely-distributed plate-like precipitate particles that were aligned approximately parallel to the f100g planes. It was not possible to identify these plate-like precipitate particles in either the binary or the ternary alloys, because the precipitate particles were preferentially etched during the thin foil preparation process. That is the precipitate particles were pulled out from the matrix during twin-jet electropolishing process.
Bright-field TEM images of Al-10Mg(-0.5Ag) (mass%) alloys aged 60 days at 90 C are presented in Figs. 
7(a)-(d); the electron beam is approximately parallel to (a), (c) h001i
and (b), (d) h110i directions. When the ageing time was increased from 45 to 60 days, the microstructure of the binary alloy, Fig. 7(a) , was changed significantly and now contained coarse scale, plate-like precipitate particles, together with a relatively fine-scale distribution of cuboidal precipitate particles. In h001i orientations, Fig. 7(a) , there were two variants of edge-on plate-like shapes, which were orthogonal and parallel to the electron beam, and the third variant, which was inclined to the electron beam. It was thus interpreted that these plate-like precipitate particles have a habit plane of f100g . It is to be noted that the microstructure contained a relatively high dislocation density, with individual dislocations associated with the precipitate particles, especially with the f100g plate-shaped precipitates. The microstructure of the binary alloy observed in the h110i orientation, Fig. 7(b) , contained only one variant of edge-on plate-like particles in this orientation, confirming that plate-like precipitate par- ticles have a habit plane of the f100g . The finer scale precipitate particles, which appeared cuboidal in the h001i orientation, were also observed to have a diamond-shaped in the h110i orientation.
A finer scale and more uniform distribution of plate-like precipitate particles was observed in the Ag-modified alloys given a similar heat treatment of 60 days at 90 C, Figs. 7(c) and (d). These plate-like particles were parallel to f100g planes, and similar in appearance and form to the plate-like particles observed in the microstructure of the binary alloy, Figs. 7(a) and (b) . It has already been explained that it was extremely difficult to obtain quality thin foils of these samples by the electro-polishing technique, and it was similarly difficult to obtain good quality of thin foils prepared by ion milling. There was again a tendency for the precipitate phase to be preferentially ion etched, and identification work using electron diffraction techniques has been proved very difficult.
Successful, but a limited microbeam electron diffraction pattern recorded from the f100g plate-like is presented in Fig. 7(e) . The electron microdiffraction pattern, Fig. 7(e) , was successfully indexed for a ½11 2 26 hexagonal direction of a metastable 0 phase. A limited number of microbeam electron diffraction patterns recorded from the f100g platelike particles thus identified the 0 phase having a hexagonal structure with the lattice parameters of a ¼ 1:002 nm, c ¼ 1:636 nm that are consistent with the simulated pattern and results previously reported. 10, 11) The identification work for the diamond-shaped precipitate particles using electron microdiffraction was not well successful due to difficulties of thin foils preparation, so that detailed microstructural characterisation still remain unclear.
Discussion
Effects of natural ageing on precipitation sequences
It has proven very difficult to obtain direct evidence experimentally for the formation of GP zones or Mg rich clusters in Al-Mg alloys, using X-ray and electron diffraction techniques since the atomic numbers of Al and Mg are close. In addition, the rate of decomposition is also extremely slow during isothermal ageing, which means that experiments are prolonged. However, identification of the GP zone structure has been attempted using a combination of X-ray scattering, transmission electron microscopy (TEM) and electron diffraction. Initially, equiaxed zones with the Cu 3 Au-type ordered structure were reported as a result of an electron diffraction study of an Al-12 mass% Mg alloy aged at room temperature. 16) In contrast to this result, Bernole et al. observed directly using TEM coherent Mg-rich clusters with a tetragonal Al-Mg superlattice structure (lattice parameters a ¼ 0:451 nm, c ¼ 0:405 nm) in Al-10 mass% Mg alloy aged 13 years at room temperature.
11) However, applying a combination of TEM and X-ray small angle scattering techniques, Boudili et al. detected ordered GP zones with the L1 2 (Al 3 Mg) superstructure in an alloy with 9.5 mass% Mg, while an alloy with 14.8 mass% Mg contained a structure modulated along h100i directions following isothermal ageing at 20 C. 17) Gault et al., in addition, suggested that the existence of GP zones with the ordered L1 2 structure could be detected directly using TEM in an Al-11.9 mass% Mg alloy aged 4000 h at 40 C. 18) These existing results thus suggest that the GP zones have the ordered L1 2 structure, when formed during isothermal ageing at room temperature in Al-Mg alloys with typically 10 mass% Mg.
In a series of studies of microstructural evolution during the very early stages of ageing in Al-10 mass% Mg alloy aged 550 h at room temperature, [19] [20] [21] [22] further detailed evidence was found of a modulated structure with Ashby-Brown contrast, 23) which was aligned along the h100i . This structure was observed to develop into spherical GP zones having the superlattice reflections of the L1 2 structure after a further 12 years ageing. In contrast to these results, a recent study has suggested that GP zones are formed in Al-8 mass% Mg alloys aged 12 years at room temperature and that these zones have the same crystal structure and lattice parameter as the matrix, and the cube-on-cube orientation relationship with the -Al matrix. 24) The results of microstructural observations on specimens of binary Al-10 mass% Mg and Ag-containing ternary alloys aged at room temperature (20 C), arising from TEM images shown in Figs. 1 to 3 , clearly suggest that the supersaturated solid solution of the binary alloy is significantly more stable thermodynamically than the ternary Al-10Mg-0.5Ag (mass%) alloy under similar conditions. What has been described as a modulated structure, giving rise to superlattice electron diffraction, has previously been observed in the quenched Al-10 mass% Mg alloys aged 550 h at room temperature, and this microstructure developed into GP zones (153 months) having the ordered L1 2 type crystal structure. [19] [20] [21] [22] The present natural ageing treatments of the binary alloy were not a sufficient duration to confirm these observations. In the present case, there was no evidence of decomposition of binary supersaturated solid solution for periods up to 16 months at room temperature.
While it was observed that fine-scale, uniformly-distributed, spherical precipitate particles were uniformly nucleated within the aluminium matrix in the Al-10Mg-0.5Ag (mass%) alloy aged only 16 months at room temperature (20 C) , as shown in Figs. 1(d)-(f) , there was no sign of a similar decomposition process in the binary alloy, as shown in Figs. 1(a)-(c) . Based on evidence from SAED patterns, finescale, uniformly-distributed, spherical precipitate particles observed in the ternary Al-10Mg-0.5Ag (mass%) alloy aged from 16 months at room temperature were identified to be the ordered L1 2 type structure with a lattice parameter of a ¼ 0:408 nm. The additional precipitate reflections in the recorded SAED patterns define that the orientation relationship between the L1 2 structure and the -Al matrix phase was of the form: ð100Þ L1 2 k ð100Þ , ½001 L1 2 k ½001 . It should be noted that the precipitate phase identified to be having the ordered L1 2 structure is considered as the 00 phase (Al 3 Mg, the ordered cubic L1 2 structure) based on both present electron diffraction evidence and results reported previously. 7, 19, 25) Similar electron diffraction patterns, which have the L1 2 type superlattice Al 3 Mg phase, was also observed in liquidquenched Al-21.2Mg and 26.2Mg (at.%) alloys aged at 100 C for 20 and 40 min. 26) Although the lattice parameter of this superlattice structure was not reported, this previously reported ordered L1 2 type superlattice structure in liquidquenched binary alloys might be the same as one observed in the present experimental ternary Al-10Mg-0.5Ag (mass%) alloy. These observations clearly suggested that the trace additions of Ag to the binary Al-10 mass% Mg alloy do effect on not only the nucleation of the L1 2 structure in the ternary alloys, but also promotion of the formation of the L1 2 structure in the ternary alloys.
According to Fig. 3 , on significant effect of trace additions of Ag to the binary alloy was thus a significant acceleration of the decomposition process of the supersaturated solid solution even during natural ageing. It should be noted that the ordered 00 phase identified in the ternary alloy aged at room temperature (20 C) has not been transformed to another phases even the specimen were aged for up to 28 months at room temperature (20 C) . These microstructural comparisons between binary and ternary alloys aged naturally at room temperature apparently suggest that trace additions of Ag to the binary Al-10 mass% Mg alloy stimulate and promote nucleation of the ordered L1 2 phases significantly because the time to achieve the formation of the L1 2 structure in ternary alloys is significantly shorter than that of in binary alloys that had been reported previously. 19) 
Effects of ageing at 90
C on precipitation sequences The maximum hardness of aged Al-Mg alloys is commonly associated with the presence of the 0 phase. It has been claimed that the nucleation of the intermediate 0 phase occurs heterogeneously on dislocation loops, 10, 27) but there have also been reports that the 0 phase may form independently of defects. 28, 29) The formation of irregular plates of the 0 phase was first reported in an Al-12% Mg alloy aged at 120 C; they were formed on the f100g planes. 12) Following ageing for 20 h at 200 C or 5 h at 250 C, irregular plates up to 0.5 mm in thickness were observed on the f100g planes. The plates were normally oval-shaped and elongated along h100i directions. Typical morphologies of the intermediate 0 phase were summarised as plate shapes on f100g , f111g , f210g and f310g planes when the specimens were aged at 150 C, and rod-like particles with long axes parallel to h100i , h110i , h120i and h111i when specimens were aged at 200 C. 13) When the ageing temperature was increased from 20 to 90 C, microstructures in the binary alloys significantly changed. Microstructural evolutions were as follow; in samples aged 7 days at 90 C, no evidence from precipitate particles was detected, but with increasing ageing time to 30 days microstructures contained low number density of platelike particles which are aligned parallel to f100g planes. As manner of precipitate growth by ageing periods of 45 days at 90 C, these plate-like f100g precipitates became coarsen. Further prolonged periods of ageing at 90 C (60 days), microstructure changed to contain a mixture of plate-like f100g and diamond-shaped precipitate particles which was not observed in the samples in the natural ageing condition. As mentioned earlier, identification work for these individual particles by electron diffraction was failed due to preferentially etched precipitate particles. Based on limited evidence from recorded electron diffraction patterns including both reported literature previously and one of the features of precipitate morphologies that have been observed in the binary Al-10 mass% Mg alloy aged at 90 C, it is assumed that the plate-like precipitate particles are to be the 0 phase (Al 3 Mg 2 , a ¼ 1:002 nm, c ¼ 1:636 nm), and identification of these diamond-shaped particles is still remain unclear.
Similarly, microstructures in the ternary Al-10Mg-0.5Ag (mass%) alloys significantly altered when the ageing temperature was increased from 20 to 90 C. Fine-scale, uniformlydistributed, spherical 00 particles, that were observed in the Al-10Mg-0.5Ag (mass%) alloy aged 16 months at room temperature (20 C), were not detectable in samples aged 7 days at 90
C. This microstructural observations may be suggested that the dissolution temperatures of the 00 phases (Al 3 Mg, the ordered cubic L1 2 structure) was less than 90 C, and this is consistent with the result reported previously that the 00 phase is formed at 45 C, and dissolution temperatures of this phase are between 45 C and 100 C.
7)
With increasing ageing time to 30 days, microstructures in both binary and ternary alloys contained plate-like precipitate particles that are parallel to f100g planes. There precipitate particles in ternary alloy were much finer than one in binary alloy, suggesting that effects of trace additions of Ag may have refinement of the precipitate particle. Further increasing ageing time up to 60 days, number density of plate-like f100g particles increased in both binary and ternary alloys. Similar to the previous approach to understand the phases of precipitate particles was made on assumption that, based on both reported literature previously and one of the features of precipitate morphologies that observed in ternary alloy, the f100g plate-like precipitate particles are identified to be the 0 phase (Al 3 Mg 2 , a ¼ 1:002 nm, c ¼ 1:636 nm). It should be noted that diamond-shaped precipitate particles, which were observed in binary alloy aged 60 days at 90 C, were not observed in the ternary alloy under the same ageing condition.
Conclusions
The observations of microstructural changes in binary Al10Mg and ternary Al-10Mg-0.5Ag (mass%) alloys aged at room temperature (natural ageing) and 90 C have been undertaken, and the results obtained in this study are summarized as follows; (1) The fine-scale and uniformly distributed spheroidal precipitate particle were formed in the ternary Al-10Mg-0.5Ag (mass%) alloy during the natural ageing process of periods of 16 months, while no precipitate particles were observed in the binary Al-10 mass% Mg alloy under the same ageing conditions. (2) These fine scale, spheroidal precipitate particles observed in the ternary Al-10Mg-0.5Ag (mass%) alloy were identified as the 00 phase which has the ordered L1 2 structure with the lattice parameter of a ¼ 0:408 nm. The orientation relationship between the L1 2 ( 00 ) phase and the aluminium matrix was of the form: ð100Þ L1 2 k ð100Þ , ½001 L1 2 k ½001 . (3) The spheroidal precipitate particles having the ordered L1 2 structure in the Ag-modified alloys were unstable when the specimen were aged at 90 C. (4) No evidence of GP zones was recorded in SAED patterns in naturally aged both binary and ternary alloys with periods at 16 months for binary alloy and at 28 months for ternary alloy. (5) The plate-like precipitate particles were formed in binary alloys aged from 30 days at 90 C. The plate-like particles had habit planes of f100g , and were identified as the 0 phase which is consistent with the metastable 0 phase (Al 3 Mg 2 , a ¼ 1:002 nm, c ¼ 1:636 nm) in Al-Mg alloys.
